The study was to assess the: (i) effect of human urine and other organic inputs on cabbage growth, yield, nutrient uptake, N-use efficiency, and soil chemical characteristics; (ii) economic returns of the use of urine and/or other organic inputs as a source of fertiliser for cabbage production. To meet these objectives, participatory field trials were conducted at Dzorwulu, Accra. Four different treatments (Urine alone, Urine + dewatered faecal sludge (DFS), Urine + poultry droppings (PD), NPK (15-15-15) + PD) were applied in a Randomised Complete Block Design (RCBD) with soil alone as control. Each treatment was applied at a rate of 121 kg·N·ha −1 corresponding to the Nitrogen requirement of cabbage in Ghana. Growth and yield parameters, plant nutrient uptake, and soil chemical characteristics were determined using standard protocols. There were no significant differences between treatments for cabbage head weight, or total and marketable yields. However, unmarketable yield from NPK + PD was 1 to 2 times higher (p < 0.05) than those from Urine + PD, Urine + DFS, and Urine alone. Seasonal effect on yields was also pronounced with higher (p < 0.001) cabbage head weight (0.95 kg) and marketable yields (12.7 kg·ha −1 ) in the dry season than the rainy season (0.42 kg and 6.27 kg·ha −1 ). There was higher (p < 0.005) phosphorous uptake in cabbage from Urine + PD treated soil than those from other treatments. Nitrogen (N), phosphorous (P), and potassium (K) uptake in the dry season was significantly higher than the rainy season. Soils treated with Urine + DFS and Urine + PD were high in total N content. Urine + PD and Urine + DFS treated soils gave fairly high yield than PD + NPK with a net gain of US$1452.0 and US$1663.5, respectively. The application of urine in combination with poultry droppings has the potential to improve cabbage yields, nutrient uptake, and soil nitrogen and phosphorous content.
Introduction
Globally, more people are living today in urban as opposed to rural areas. Over the span of nine decades since 1900, the global urban population increased rapidly from 2.4 million to 2.9 billion in 2000 and is expected to rise to 5 billion by 2030 [1] . The rapid population increase is expected to take place mostly in urban areas of developing countries whose population is likely to rise from about 2 billion to 4 billion in 2030, averaging 2.4 percent per year [1] . With the increasing population, absolute and relative growth in urban poverty and food insecurity are becoming a challenge for all people in urban areas.
Like most cities in developing countries, Ghana's capital city Accra is experiencing rapid population growth and urbanization. The population of Accra has increased from about 300,000 in 1960 to about 2.3 million in 2016. This rapid urbanization has brought about urban poverty, food insecurity, and severe environmental degradation [2] . To reduce the impact of food insecurity in urban areas, several cities, including those in developed countries, have given attention to urban agriculture, which is considered as part of the urban ecological system. Earlier studies in Accra observed that up to 90 percent of the city's fresh vegetable consumption is from production within the city [3, 4] . In the city, extensive urban agriculture takes place on seven main sites and there are about one thousand (1000) vegetable farmers as well as other farmers who are engaged in some seasonal crops such as maize and cassava. In addition to this, a considerable number of households are engaged in backyard gardening. As at 2004, it was estimated that about 17 hectares (ha) of land was under cultivation for maize, 20 ha under cultivation for pepper, 104 ha under cultivation for okra, and 14 ha under cultivation for tomatoes [5, 6] . With the increasing use of agricultural land for residential and office buildings, the area under cultivation has reduced over the years. Farmers in some areas in Accra have lost 3 to 4 acres on average between 2009 and 2014 [7] . As a result of this phenomenon, the intensification of agriculture, which requires the use of fertilizers to maintain soil fertility, will be required.
Farmers who practice commercial vegetable production in Accra normally use poultry manure and fertilizers for their business. However, the continuous use of fertilizer and its high cost is a constraint to farmers. Hence the possibility of using alternative sources like urine and dewatered faecal sludge should be explored to enhance the productivity of urban agriculture. Human urine contains essential nutrients needed for crop production and has therefore been suggested as an alternative source of fertilizer [8] [9] [10] . It has been reported that the fertilizer value of pure urine is similar to NPK 18:2:5 [11] . The use of urine as a source of fertilizer has been tested by some researchers in Finland, South Africa, Israel, and China [12] . However, urine is not recycled yet in Ghana but released into the environment, which could lead to adverse environmental and health risks. For example, urine contains high concentrations of N and P which can cause eutrophication of receiving water bodies [13] . Can urine and dewatered faecal sludge be used as an alternative source of fertilizer in Accra and other countries in the developing world? Maybe yes; however, studies on the feasibility of urine based farming systems are limited.
This study was therefore carried out to assess (a) the effect of urine and other organic inputs and fertilizers on cabbage growth, yield, nutrient uptake, N-use efficiency, and soil chemical characteristics; (b) the economic viability of the use of urine as a source of fertilizer for cabbage production.
Materials and Methods

The Study Area
The study was carried out at the Dzorwulu vegetable production site in Accra, Ghana (Figure 1 ) during the early parts of the dry season (October to December) for the first trial and rainy seasons (April to June) for the second trial. Total rainfall during these two periods was about 130 mm for the dry season and 465 mm for the rainy seasons. Accra, the capital city of Ghana, has an estimated population of 2.3 million people [14] , and between 47 ha (wet season) and 162 ha (dry season) of inner-city vegetable cultivation, engaging about 1000 farmers. Dzorwulu is one of Accra's suburbs, with a total farm area of about 12 ha under vegetable production by over 200 farmers. At this site, vegetables like lettuce, cabbage, spring onions, and green pepper are grown year-round. Most of the farmers use water from the Onyansa stream, which receives wastewater from the surrounding communities. Other farmers obtain water from household greywater drains. Most of this greywater is actually from kitchens and bathrooms. Very few farmers in Accra use piped water which is, however, not a reliable source. 
Collection of Urine, Poultry Droppings, and Faecal Sludge Used for the Trials
Human urine used for this study was collected from a private waste company in the Central Business District (CBD) of Accra. This company was set up to provide urinals for the teeming masses of people who come to the city daily for business and other related activities. The urinals have been constructed in such a way that there was a receptacle underneath to store urine for later collection (see appendix A). On average, about 75 L of urine was collected per day and stored in a 450 L poly tank container for one month (in the dry season) and six months (in the rainy season) to sanitize it before use. Poultry droppings (PD) were sourced from nearby poultry farms, dewatered faecal sludge (DFS) from IWMI faecal sludge drying bed at Accra, and fertilizer from retail shops.
Physico-Chemical Analysis of Soil and the Different Fertilizer Sources
Prior to the setting up of the field trial, the chemical characteristics of the urine and the other inputs were determined. The pH and electrical conductivity (EC) of PD and DFS were determined in their water slurry at a ratio of 1:5, v/v using a pH and electrical conductivity meter [15] . The PH and EC of soil was determined in a soil-water slurry at a ratio of 1:1 v/v [16] . Total nitrogen in the urine was determined according to the calorimetric method described by Folin and Farmer [17] . The resultant digest was used to determine phosphorus (P) and potassium (K). Phosphorus was determined calorimetrically using a spectrophotometer (model Perkin Elmer Lambda 45, PelkinElma, Inc., Waltham, MA, USA). Total K was determined using a flame photometer (model Jenway PFP7, Jenway, Markham, ON, Canada). The nitrogen content of DFS, PD, and soil were determined according to the Kjeldahl method described by Okalebo et al. [17] . Inorganic nitrogen (NH4 + -N, NO3 − -N) was determined from 40-mL aliquots of 2 M KCl extracts by steam distillation [18] . Total carbon content of DFS, PD, and soil was determined by dry combustion using Carbon and Sulphur Analyser Eltra CS 500 (Eltra GmBH, Haan, Germany). Total P and K of DFS, PD, and soil were determined as described above after digestion with ternary mixture (20 mL HClO4:500 mL HNO3:50 mL H2SO4).
Experimental Design and Treatments
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Collection of Urine, Poultry Droppings, and Faecal Sludge Used for the Trials
Human urine used for this study was collected from a private waste company in the Central Business District (CBD) of Accra. This company was set up to provide urinals for the teeming masses of people who come to the city daily for business and other related activities. The urinals have been constructed in such a way that there was a receptacle underneath to store urine for later collection (see Appendix A). On average, about 75 L of urine was collected per day and stored in a 450 L poly tank container for one month (in the dry season) and six months (in the rainy season) to sanitize it before use. Poultry droppings (PD) were sourced from nearby poultry farms, dewatered faecal sludge (DFS) from IWMI faecal sludge drying bed at Accra, and fertilizer from retail shops.
Physico-Chemical Analysis of Soil and the Different Fertilizer Sources
Prior to the setting up of the field trial, the chemical characteristics of the urine and the other inputs were determined. The pH and electrical conductivity (EC) of PD and DFS were determined in their water slurry at a ratio of 1:5, v/v using a pH and electrical conductivity meter [15] . The PH and EC of soil was determined in a soil-water slurry at a ratio of 1:1 v/v [16] . Total nitrogen in the urine was determined according to the calorimetric method described by Folin and Farmer [17] . The resultant digest was used to determine phosphorus (P) and potassium (K). Phosphorus was determined calorimetrically using a spectrophotometer (model Perkin Elmer Lambda 45, Pelkin-Elma, Inc., Waltham, MA, USA). Total K was determined using a flame photometer (model Jenway PFP7, Jenway, Markham, ON, Canada). The nitrogen content of DFS, PD, and soil were determined according to the Kjeldahl method described by Okalebo et al. [17] . Inorganic nitrogen (NH 4 + -N, NO 3 − -N) was determined from 40-mL aliquots of 2 M KCl extracts by steam distillation [18] . Total carbon content of DFS, PD, and soil was determined by dry combustion using Carbon and Sulphur Analyser Eltra CS 500 (Eltra GmBH, Haan, Germany). Total P and K of DFS, PD, and soil were determined as described above after digestion with ternary mixture (20 mL HClO 4 :500 mL HNO 3 :50 mL H 2 SO 4 ).
Experimental Design and Treatments
Field Management Activities
Cabbage (Brassica oleraria var. capitata) seeds were nursed for about two weeks and seedlings of similar height and girth were transplanted onto the permanent plots. Treatments were applied twice: three days after transplanting and a month after emergence at a rate of 121 kg·N·ha −1 [18] . In the case of urine, application was done in the evening after the soil was slightly wet with water to avoid volatilization. Urine was applied in holes dug at 20 cm away from the plants to avoid 'crop burning' which were 1 to 4 cm deep. The holes were covered with soil immediately after urine application. This simple practice mimics the successful injection technique used by Richert Stintzing et al. [19] to avoid ammonia losses. Crops grown in the dry season received supplementary irrigation. Weeds, pests, and diseases were controlled as and when necessary.
Data Collection
Growth parameters, number of leaves, cabbage canopy, and plant height were measured forth nightly through counting, use of calipers, and the meter rule, respectively. The measurements were performed for six weeks after which there were no differences in the above growth parameters. Yield parameters (circumference of cabbage head, fresh weight of cabbage head, and dry matter yield of above ground cabbage plants) were determined at maturity using calipers and a digital weighing scale. Cabbage heads without any damage were sorted and classified as marketable yields whilst those that had rotten were classified as unmarketable yields. The total cabbage heads in each of the plots were used to express the fresh yields on a per hectare basis.
Plant Nutrint Uptake, Nitriogen Use Efficiency, and Soil Analysis
Five cabbage plants (above ground portion) per treatment were chopped into pieces and oven dried at 70 °C for two weeks (when no observable changes were observed in the weight). The dry weight was then taken and expressed on a per hectare basis. For plant nutrient content analyses, dried samples were randomly selected from the bulk plants and milled. After that, 0.1 g of the milled samples per treatment was taken and digested using ternary mixture as described above. The N, P, and K content of the digest was determined according to the procedure described by Okalebo et al. [17] . Plant nutrient uptake was calculated as shown in Equation (1) 
Apparent N recovery efficiency (ANR) and Agronomic N-use efficiency (AE) of cabbage were calculated according to the procedure of Adamtey [18] as shown in Equations (2) and (3): 
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where Nf = nitrogen uptake from fertilized plots (kg·N·ha −1 ), N0 = nitrogen uptake from unfertilized plots (kg·N·ha −1 ), CabYf = cabbage yield from fertilized plots (kg cabbage·ha −1 ), CabY0 = cabbage yield from unfertilized plots (kg cabbage ha −1 ), and N = Total nitrogen applied per hectare (kg·N·ha −1 ). After harvesting of the cabbage, five soil samples were collected per plot using the diagonal method. Thereafter, the samples were homogenously mixed together to form a composite for each treatment. The samples were air dried and sieved through a 2-mm mesh. After that, 0.3 g soil per treatment was taken and digested using ternary mixture as described above. The, N, P, and K content of the digest was determined according to the method described by Okalebo et al. [17] . Similarly, the soil pH, EC, NH 4 + -N, and NO 3 − -N were also measured according to the methods already described above.
Financial Analysis
A partial budgeting method was used to assess the financial effect of incremental changes from shifting from NPK + PD to Urine + PD or Urine + DFS. Partial Budgeting Analysis compares the profitability of one alternative, typically current farmer practice, with a proposed change or new alternative [20] . Offei et al. [21] provides useful data (Table 1) for the economic analysis at the time of the experiment. There is no market price for the sale of urine in Ghana and therefore a price of GH¢0.30 per 20 L of urine was assumed on the basis that 20 L of urine costs GH¢0.29 ($0.20) [22] in neighbouring Burkina Faso. The cost of dried faecal sludge was also assumed to be the same as poultry droppings. Again, the cost of all other agronomic practices (apart from the different fertilizer sources) were assumed to be the same. 
Statistical Analysis
Data collected were subjected to statistical analysis with a linear mixed model using the function 'lmer' from the 'lme4' package [23] in the statistical software R (version 3.2.5, [24] ). The linear model included treatment, seasons, and their interaction as fixed factors, whilst replicates was used as random factor. Means separation was done using the Tukey method (i.e., 'lsmeans' and 'cld' functions from the 'lsmeans' package) [25] . We tested slope difference between damaged cabbage head (rotten cabbage) and nitrogen uptake with 'lmertest' [26] .
Results
Physico-Chemical Characteristics of the Different Nutrient Sources Used in the Treatments
The physico-chemical characteristics of the different inputs used for the rainy and dry season trials are as shown in Table 2 . The pH of DFS (5.4) and PD (6.8) were low compared to Urine (7.9 and 8.5). The electrical conductivity of urine and DFS was also very high. The nitrogen and phosphorus contents of DFS was higher than that of urine and PD. The potassium content of PD was about twice that of the DFS and urine. 
Effect of Different Nutrient Sources on Cabbage Growth and Yield
The treatments had similar effects on cabbage growth (e.g., plant height, number of leaves, and plant canopy) (Table 3 ). However, there was seasonal effect on cabbage growth, with higher (p < 0.01) plant height and canopy formation in the dry season compared to those grown in the rainy season. The average cabbage head weight, circumference, and total and marketable fresh yields were similar for all the treatments. The unmarketable yields decreased in the order of NPK + PD > Urine + PD > Urine + DFS > Urine alone > soil. The treatment also showed similar effect on dry matter yields, except in soil alone which was significantly lower. Cabbage yields was affected by the season with higher (p < 0.001) head weight, total and marketable fresh yields in the dry season compared to those from the rainy season. The unmarketable yields were also three times higher (p > 0.001) in the dry season compared to those from the rainy season. In contrast, the circumference of cabbage head was higher (p < 0.001) in the rainy season than the dry season.
Effect of Urine and Other Sources of Organic Inputs and Fertilizer on Nutrient Uptake and N Use Efficiency
The N, P, and K uptake from soil treated with Urine + PD was higher (p < 0.01, 0.001) than the uptakes from soil alone (Table 4) . Although not statistically significant, it is worth mentioning that the N uptake in Urine + PD treated soil was between 23% and 35% higher than the uptake in NPK + PD, Urine alone, and Urine + DFS treated soils. The P uptake in Urine + PD treated soil was 28% and 30% higher compared to the uptake in Urine + DFS, Urine alone, and NPK + PD treated soils. Similarly, K uptake was 23%, 25%, and 36% high in Urine + PD treated soil compared to the uptake in NPK + PD, Urine alone, and Urine + DFS treated soils. The N recovery efficiency was in the order of Urine + PD, > NPK + PD and > Urine alone > Urine + DFS. The nutrient uptake and N-recovery efficiency in the dry season was higher (p < 0.001) than uptake and N-recovery efficiency in the rainy season.
Effect of Urine and Other Sources of Organic Inputs and Fertilizer on Soil Characteristics
The treatments had similar effect on the change in soil chemical characteristics (Table 5 ). There was, however, an interactive effect of the treatment and season on soil NO 3 − -N content. At the end of the dry season, the soil treated NPK + PD was 25% to 40% higher in NO 3 -N compared to the soil treated with Urine alone, Urine + PD, and Urine + DFS. On the other hand, at the end of the rainy season, the soil treated with Urine + PD was higher (p < 0.05) in NO 3 -N content compared to those treated with Urine + DFS, NPK + PD, Urine alone, or soils without any amendment. The soils treated with Urine + DFS and Urine + PD were fairly high in total N content. Whilst those treated with NPK + PD and Urine + PD were also fairly high in total P content. As per soil electrical conductivity (EC), although it was not significantly different among the treatments, it is important to mention that the soil EC almost doubled for all the treatments including soil alone. The soils at the end of rainy season showed higher (p < 0.05, 0.001) soil pH, N, P, and K. content compared to those at the end of dry season cropping. Table 6 details the result of the financial analysis of using different fertilizer sources for cabbage production. The results showed that, in one cropping cycle, it would cost a farmer US$370.4 to crop a hectare of cabbage using NPK + PD to get a yield of 7.2 t·ha −1 of fresh marketable cabbage and revenue of US$2925.4. When the NPK + PD is replaced with U + PD, the result of the partial budgeting analysis showed that a farmer increases his yield by 40.3% (2.9 t·ha −1 ), with a savings of US$244.4 on the cost of fertilizer (Table 7) . Similarly, switching from NPK + PD to U + DFS increases a farmers' yield by 51.4% (3.7 t·ha −1 ), with a cost savings of US$133.6. Thus, U + PD and U + DFS give a comparable high yield to PD + NPK and with a net gain of US$1452.0 and US$1663.5, respectively. 
Financial Analysis
Discussion
Generally, the urine, dewatered faecal sludge (DFS), and poultry droppings (PD) used in the trials contain appreciable levels of nutrients. This indicates that the organic inputs are essential sources for plant nutrients and a soil conditioner in agriculture. Human urine and or faeces as sources of plant nutrients have been studied and confirmed in countries like South Africa, Zimbabwe [27] , Ethiopia, Mozambique, Benin, Burkina Faso, Senegal, Cote d´Ivoire, Togo, Mali, Mexico [28] , China, Sweden [29] [30] [31] , and Germany [32] . This study also confirms the high nutrient levels in human excreta.
The total nitrogen concentration (1.03% or 10.3 g·L −1 ) was within the range (0.7-1.1% or 7-11 g·L −1 ) reported in other studies for undiluted fresh human urine [33] [34] [35] ). The total nitrogen and phosphorus content of urine reduced after six months of storage, whereas the potassium content remained fairly the same. The reduction in the nitrogen content was due to volatilization exacerbated by a longer storage period (six months), whilst that of phosphorous was due to precipitation. According to Udert et al. [36] , about 95 to 100 percent of P in fresh urine is bound as dissolved phosphate. During storage, increased in urine pH trigged P to precipitate into struvite [MgNH 4 [37, 38] which is finally deposited in the bottom of the storage tank. This may explain the low P content of urine under storage. To decrease the risk of loss of nitrogen during storage, the authors recommend urine to be stored in a sealed tank or container under a shed for a shorter time period (about a month). The precipitated P should also be removed and applied to the crops.
There were fairly high unmarketable yields from soils treated with NPK + PD and Urine + PD. This was as a result of rottenness. Pradan et al. [33] reported that higher N uptake by cabbage might promote succulent plant parts which could make the crop susceptible to various forms of damage. In the current study, however, there was no significant correlation between plant N uptake and rottenness or unmarketable yields. There is therefore the need to conduct further research to ascertain the cause of the high level of rottenness.
The average cabbage weight per head (0.6 to 0.8 kg) obtained for all the treatments was fairly low compared to the values reported from several farms (1.1-1.2 kg) in Ghana [39] . This was due to the poor performance of the crop in the rainy season as a result of heavy rainfall and flooding that occurred over the period of crop growth. This also explains the significantly lower head weight, and total and marketable yields in the rainy season compared to the dry season. The flood washed the soil and nutrients away and was also expected to affect the net photosynthetic rate [40] , and hence might explain the poor plant growth and low yields in the rainy season. Compared to yields reported from several farms in Ghana (30 to 40 tone ha −1 ), the cabbage yields obtained from this study were very low. This may be attributed to varietal differences, poor crop performance due to the above-mentioned reason, and rottenness of cabbage head (the cost of which has not yet been ascertained). There was fairly high N, P, and K uptake from soils treated with Urine + PD; this can be attributed to the higher N and K content of urine and PD. This was expected to account for the increase in dry matter yield. Pradhan et al. [33] similarly reported fairly high dry matter yields from Urine + PD treatments compared to NPK + PD treatments. There was significantly higher P uptake from Urine + PD and NPK + PD treated soil. This can also be attributed to the higher P content of poultry droppings and NPK. Masarirambi et al. [41] also reported high levels of available phosphorus in poultry droppings, and high P uptake in soils treated with PD with a corresponding increase in crop yield. Similarly, the higher N recovery efficiency in Urine + PD compared to NPK + PD, Urine + DFS, or Urine alone can be attributed to the fairly high N uptake and dry matter yields especially in the dry season. The N use efficiencies for most of the organic inputs were within the range reported by Båth [42] . He, however, reported that the N efficiency when using human urine alone could be high, ranging from 47 per cent to 66 per cent.
There was a significant interactive effect of treatment and season on soil NO 3 -N content, with fairly high concentration in soils treated with Urine + PD in the rainy season and NPK + PD in the dry season. The implication of the high soil NO 3 -N content is that the possible loss is through volatilization and leaching into the environment. This might consequently contribute to greenhouse gas (GHG) emissions and the pollution of water bodies. The fairly high increase in soil pH, N, P, and K under Urine + DFS, Urine + PD, and NPK + PD treatments gives an indication that with long-term cultivation the treatments have the potential to build soil fertility. However, the high soil NO 3 -N content, and the doubling of soil EC to a range close to 1.5 dSm −1 (salinity threshold values for the cultivation of most sensitive crops such as carrots, lettuce, etc.) is of great concern. The non-significant differences of the treatments' effects on major soil characteristics can be attributed to the short period of cultivation and the past land use practices. There is therefore the need for the continuous monitoring of the use of urine and PD and the other treatments for a longer period.
The results of the financial analysis indicate that farmers could save substantial amounts of money ($1452-1664) when they switch from using inorganic fertilizer and poultry droppings to urine and poultry droppings or dewatered faecal sludge for cabbage production. In addition, crops grown with urine provide a relatively longer shelf life than those from inorganic fertilizer treatment (Bonzi, et al. [43] ).
Conclusions
The results suggest that urine combined with poultry droppings (PD) can be a potential source of inputs to use in vegetable production and to increase soil fertility. The implication is that the over-reliance on fertilizer will be reduced. The effect of fertilizer in reducing soil pH, which farmers claimed is responsible for non-responsiveness of their soil, will also be minimized if not eliminated. The use of urine in crop production may indirectly contribute to changes in societal perception about urine disposal to the environment, which could consequently prevent pollution of water bodies. However, the high NO 3 -N in the soil under Urine +PD and NPK + PD, and the doubling of soil EC in the treatments to a range closed to 1.5 dSm −1 (i.e., salinity threshold values for most sensitive crops) is of great concern. There is therefore the need to first address the following: low N recovery; high EC; as well as the antibiotics concentrations in urine and bio accumulation in food crops to ascertain the safety of urine use before it is recommended for food crop production in Ghana. Further research in different areas and soils will also be necessary.
